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Abs t r a c t  

The high-energy nucleon-meson t r a n s p o r t  code HETC computes t h e  t r a n s -  

p o r t  of nuc leons ,  charged  p i o n s ,  and muons through matter for  e n e r g i e s  up t o  

s e v e r a l  hundred G e V  by u s i n g  Monte Car lo  methods.  This  r e p o r t  i s  p r i m a r i l y  

concerned w i t h  t h e  programming a s p e c t s  of EIETC. I n s t r u c t i o n s  f o r  o p e r a t i n g  

t h e  code are g i v e n ,  and t h e  code i n p u t  i s  d e s c r i b e d .  IIETC i s  w r i t t e n  i n  

FORTRAN LV f o r  t h e  IBM 360/75 and I B M  360/91 computers.  

V 



ACKNOWLEDGMENT 

W e  wish t o  thank D r .  T.  A .  Gabriel €or  h e l p f u l  d i s c u s s i o n s  concerning 

t h e  i n c o r p o r a t i o n  of the e x t r a p o l a t i o n  model into HETC. 

vi 



1 

1. INTRODUCTION 

The high-energy nucleon-meson t r a n s p o r t  code HETC i s  b a s i c a l l y  an  ex- 

t e n s i o n  of t h e  nucleon-meson t r a n s p o r t  code NMTC1 t o  a l l o w  p a r t i c l e  t r a n s -  

p o r t  a t  e n e r g i e s  > 3 GeV." Although t h e  t r a n s p o r t  of p a r t i c l e s  < 3 G e V  i n  

HETC is  e s s e n t i a l l y  t h e  same as i n  NMTC, t h e r e  are s e v e r a l  minor d i f f e r e n c e s .  

HETC a l s o  c o n t a i n s  several programming o p t i o n s  n o t  a v a i l a b l e  i n  NMTC. Through- 

o u t  much of t h i s  r e p o r t  t h e  o p e r a t i o n  of HETC i s  compared w i t h  t h a t  of NMTC. 

T h e r e f o r e ,  t h e  r e a d e r  i s  assumed t o  have  some f a m i l i a r i t y  w i t h  NFITC. 

The v e r s i o n  of 0 5 R  used  w i t h  HET is t h e  same as t h e  v e r s i o n  used w i t h  

NMT except: f o r  one  v e r y  minor programming m o d i f i c a t i o n  r e l a t i n g  t o  b u f f e r i n g  

( s e e  Sec. 3 ) .  The i n p u t  d e s c r i p t i o n  f o r  0 5 R  is t h e  same as d e s c r i b e d  i n  

t h e  NMTC manua1.l  

t h a n  0 5 R  ( e .g . ,  ANISN,' D O T , 3  MORSE4) t o  o b t a i n  t h e  low-energy n e u t r o n  

t r a n s p o r t .  

As w i t h  NMT, HET may b e  r e a d i l y  coupled w i t h  codes o t h e r  

The p r i n c i p a l  d i f f e r e n c e s  between HET and NMT w i t h  r e s p e c t  t o  b o t h  t h e  

t r a n s p o r t  p h y s i c s  and programming o p t i o n s  are d i s c u s s e d  i n  Sec. 2 .  The t a p e  

b u f f e r i n g  o p t i o n  a v a i l a b l e  i n  HETC i s  d e s c r i b e d  i n  Sec.  3 ,  and t h e  i n p u t  de- 

s c r i p t i o n  f o r  NET i s  g i v e n  i n  Sec. 4 .  

*A few words abou t  code nomenclature:  P h y s i c a l l y ,  NMTC c o n s i s t s  of two 
t r a n s p o r t  codes:  ( a )  NMT, a t r a n s p o r t  code f o r  n e u t r o n s  (4 15 M e V ) ,  
p r o t o n s ,  charged  p ions ,  and muons, and ( b )  a code f o r  low-energy (4 15 MeV) 
n e u t r o n  t r a n s p o r t .  F o r  t h e  s t a n d a r d  v e r s i o n  of NMTC, a modif ied  v e r s i o n  
of t h e  05R code i s  used f o r  t h e  low-energy n e u t r o n  t r a n s p o r t .  A s i m i l a r  
conven t ion  i s  used f o r  HETC; i - e . ,  HET i s  d e s i g n a t e d  as t h e  t r a n s p o r t  code 
f o r  n e u t r o n s  ( Z 1 5  M e V ) ,  p r o t o n s ,  charged p i o n s ,  and muons, and HETC in -  
c l u d e s  b o t h  HET and 05R.  
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2 .  DiFFERENCES BETWEEN HET AND NMT 

? , I .  Phys i c s  

2 . 1 . 1  Maximum E n e x  

NM'T i.s l i m i t e d  t o  nuc leon  t r a n s p o r t  S 3.5 GeV and charged-pion 

t r a n s p o r t  5. 2 . 5  G e V  because  of c e r t a i n  r e s t r i . c t i o n s  imposed by t h e  i n t r a -  

nuc lear -cascade  r o u t i n e s  * HET w i l l  accolmodate  nuc leons  and charged p i o n s  

w i t h  e n e r g i e s  up t o  several hundred G e Y .  There i s  no programming res t r ic -  

t i o n  on t h e  maximum a l l o w a b l e  muon energy  by e i t h e r  NMT o r  HET. 

For nuc leons  5 3 - 5  G e V  and charged p i o n s  5 2.5 GeV, HET t r e a t s  n o n e l a s t i c  

n u c l e a r  i n t e r a c t i o n s  by u s i n g  t h e  in t r anuc lea r -cascade -evapora t ion  model i n  

t he  same manner as does NMT. 

c o l l i s i o n s  a t  h i g h e r  e n e r g i e s ,  HET f i r s t  ca l l s  t h e  i n t r a n u c l e a r - c a s c a d e  r o u t i n e s  

t o  de t e rmine  .the c o l l i s i o n  p r o d u c t s  a t  3.5 GeV ( i f  t h e  i n c i d e n t  p a r t i c l e  i s  

a neu t ron  o r  p r o t o n )  o r  a t  2 . 5  GeV ( i f  t h e  i n c i d e n t  p a r t i c l e  i s  a ch.arged 

p i o n )  e The i n f o r m a t i o n  ( p a r t i c l e  t y p e s ,  e n e r g i e s ,  d i r e c t i o n  c o s i n e s ,  e t c . )  

o b t a i n e d  from t h e  i n t r a n u c l e a r  cascade  i s  t h e n  i n p u t  t o  s c a l i n g  r o u t i n e s  

t h a t  u s e  an e x t r a p o l a t i o n  model5 t o  o b t a i n  t h e  d e s c r i p t i o n  of t h e  c o l l i s i o n  

p roduc t s  cor responding  t o  t h e  a c t u a l  energy  of t h e  p a r t i c l e .  S c a l i n g  i s  

not  used f o r  nuc leon  and charged-pion i n t e r a c t i o n s  w i t h  hydrogen a t  e n e r g i e s  

> 3.5 G e V ,  

i n  t h e  manner d e s c r i b e d  by G a b r i e l  and San to ro .7  

For nucleon-nucleus and pion-nucleus n o n e l a s t i c  

These i n t e r a c t i o n s  a r e  t r e a t e d  u s i n g  t h e  formulae of Ranf t ' j  

Unl ike  NMT, IlET does n o t  have an i n t e r n a l .  check on t h e  energy  of t h e  

p a r t i c l e  r e t u r n e d  by s u b r o u t i n e  SdRS. 

s t r i c t i o n  on i:he maximum energy  of t h e  s o u r c e  p a r t i c l e s  i n  HETC. 

t h e  maximum energy  i s  r e s t r i c t e d  b o t h  by t h e  p h y s i c s  used f o r  t h e  high-energy 

n o n e l a s t i c  nucl-ear  i n t e r a c t i - o n s  ( a s  t h e  energy  i n c r e a s e s ,  (:he e x t r a p o l a t i o n  

Thus, i n  p r i n c i p l e ,  t h e r e  i s  no re- 

I n  p r a c t i c e ,  
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model becomes more approximate)  and by programming c o n s i d e r a t i o n s  (dimensions 

f o r  a r r a y s  p e r t a i n i n g  t o  p a r t i c l e  s t o r a g e  d u r i n g  a cascade  may b e  exceeded 

a t  v e r y  h i g h  e n e r g i e s ) .  Thus, t h e  maximum a l l o w a b l e  energy  i n  HET is n o t  

w e l l  d e f i n e d .  HET h a s  been r u n  s u c c e s s f u l l y  f o r  s o u r c e  p a r t i c l e s  w i t h  

e n e r g i e s  up t o  1 TeV.  

2.1.2 In t r anuc lea r -Cascade  Rout ines  

The i n t r a n u c l e a r - c a s c a d e  r o u t i n e s  used by NMT cor respond t o  v e r s i o n  2 

of B e r t i n i ‘ s  medium-energy cascade  code (MECC2)8” whereas  t h e  l a t e s t  v e r s i o n  

of  t h e  cascade  r o u t i n e s  (MECC7)’ h a s  been i n c o r p o r a t e d  i n t o  WET. 

d i f f e r e n c e s  between MECC2 and MECC7 concern  t h e  p a r t i c l e - p a r t i c l e  c r o s s  

The main 

s e c t i o n s ,  t h e  a n g u l a r  d i s t r i b u t i o n s  f o r  i s o b a r  s ta tes ,  and t h e  n e u t r o n  and 

p r o t o n  c u t o f f  e n e r g i e s .  

The nucleon-nucleon c r o s s  s e c t i o n s  above 1 GeV and t h e  pion-nucleon 

c r o s s  s e c t i o n s  a t  a l l  e n e r g i e s  used i n  MECC2 have  been updated f o r  u s e  i n  

MECC7. 

I n  MECC2 t h e  a n g u l a r  d i s t r i b u t i o n  o f  i s o b a r s  i s  a n  i n p u t  o p t i o n  which 

can  b e  s e l e c t e d  ( f o r  a l l  e n e r g i e s )  as e i t h e r  i s o t r o p i c ,  forward-backward, 

o r  50% i s o t r o p i c  and 50% forward-backward. ( I n  t h e  NMT i n p u t  t h i s  o p t i o n  

co r re sponds  t o  t h e  v a r i a b l e  A N D I T . )  I n  MECC7 t h e  a n g u l a r  d i s t r i b u t i o n  i s  

s p e c i f i e d  i n t e r n a l l y  ( i n  s u b r o u t i n e  ANGID) as a n  energy-dependent m i x t u r e  

of i s o t r o p i c .  and forward-backward d i s t r i b u t i o n s .  (The d i s t r i b u t i o n s  used 

a re  g i v e n  e l s e w h e r e . l O )  The re fo re ,  ANDIT does  n o t  appear  i n  t h e  HET i n p u t .  

The i n t r a n u c l e a r - c a s c a d e  c u t o f f  e n e r g i e s  f o r  n e u t r o n s  and p r o t o n s  a r e  

s p e c i f i e d  by a v a r i a b l e  c a l l e d  CTflFE i n  b o t h  t h e  ‘NMT and HET i n p u t s .  Bow- 

e v e r ,  t h e  c u t o f f  e n e r g i e s  used when CTflFE is  i n p u t  as 0.  i s  n o t  t h e  same 

- 
*Reference 8 g i v e s  a d e s c r i p t i o n  of t h e  PlECC3 v e r s i o n  of t h e  i n t r a n u c l e a r -  

ca scade  r o u t i n e s .  The on ly  d i f f e r e n c e  between MECC2 as r e f e r r e d  t o  h e r e  
and MECC3 d e s c r i b e d  by B e r t i n i  i n  r e f .  8 i s  i n  t h e  o p t i o n s  a v a i l a b l e  f o r  
c u t o f f  e n e r g i e s  used  i n  t h e  i n t r a n u c l e a r - c a s c a d e  c a l c u l a t i o n s .  
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i n  MECC7 as i n  MECC2. I n  t h e  N'MT i .nput,  CT@FE = 0 .  means t h a t  t h e  MECC2 

c u t o f f  energy f o r  bo th  n e u t r o n s  and p r o t o n s  w i l l  be  set  e q u a l  t o  one-half  

t h e  Coulomb b a r r i e r .  I n  t h e  HET i n p u t ,  CT@FE = 0. means t h a t  t h e  MECC7 c u t -  

o f f  energy f o r  p r o t o n s  w i l l  be  set  e q u a l  t o  t h e  Coulomb b a r r i e r  and t h e  c u t -  

o f f  energy f o r  n e u t r o n s  w i l l  b e  s e t  t o  0 .  The a c t i o n  t a k e n  when CTBFE # 0 

i s  t h e  same i n  b o t h  MEW2 and MECC7; i .e . ,  t h e  i n p u t  v a l u e  f o r  CTgFE i s  used 

f o r  b o t h  t h e  n e u t r o n  and p r o t o n  c u t o f f  e n e r g i e s .  I n  b o t h  MECC2 and MECC7 

the. TI-' c u t o f f  energy is se t  e q u a l  t o  t h e  p r o t o n  c u t o f f  energy and t h e  no 

and ir- c u t o f f  e n e r g i e s  are se t  e q u a l  t o  t h e  n e u t r o n  c u t o f f  energy.  

2 . 1 . 3  M u l t i u l e  Coulomb S c a t t e r i n g  

An o p t i o n  t o  i n c l u d e  niul1:iple Coulomb s c a t t e r i n g  by primary 

3- .- 
charged p a r t i c l e s  ( p r o t o n s ,  , T , p', p-) h a s  been i n c o r p o r a t e d  i n t o  HE'1'. 

The r o u t i n e s  f o r  Coulomb s c a t t e r i n g  were t aken  from Kinney 's NTC code'' 

and modif ied t o  i n c l u d e  s c a t t e r i n g  by charged p i o n s  and muons. The m u l t i -  

p l e  Coulomb s c a t t e r i n g  t h e o r y  used12 i s  based on Fe rmi ' s  j o i n t  d i s t r i b u t i o n  

f u n c t i o n  f o r  a n g u l a r  and l a t e r a l  s p r e a d  and R u t h e r f o r d ' s  s i n g ] - e - s c a t t e r i n g  

cross-sect: ion formula.  

2 .2  Programming .... . _._._ 

2 . 2 . 1  Tape B u f f e r a  

I n  NMTC t h e  w r i t i n g  and r e a d i n g  of h i s t o r y  t a p e s  i s  performed 

u s i n g  t h e  s t a n d a r d  FORTRAN I/@ r o u t i n e s .  When a t a p e  e r r o r  i s  encountered 

u s i n g  FORL'RAN I/@, c o n t r o l  i s  g iven  t o  t h e  o p e r a t i n g  system r a t h e r  t h a n  t h e  

u s e r ' s  program. Thus, a t a p e  e r r o r  r e s u l t s  i n  t h e  t e r m i n a t i o n  of t h e  j o b  

a t  t h e  p o i n t  a t  which t h e  e r r o r  o c c u r s .  

In  HETC an o p t i o n  h a s  been added so t h a t  t h e  ORNL t a p e  b u f f e r i n g  

package can be  used.  With b u f f e r i n g ,  i n  most i n s t a n c e s  i n f o r m a t i o n  can be  

w r i t t e n  and r ead  a f t e r  a t a p e  e r r o r  o c c u r s .  The u s e  of t a p e  b u f f e r i n g  

w i t h  HETC i k  d e s c r i b e d  i n  S e c t i o n  3 .  
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2.2.2 J o i n t  Muon and Nucleon-Pion T r a n s p o r t  

In NMT t w o  o p t i o n s  exis t  f o r  muon t r a n s p o r t :  (a) muon t r a n s p o r t  

I - _c_ _._I__. 

o n l y ,  i n  which t h e  muon s o u r c e  i s  d e f i n e d  i n  s u b r o u t i n e  S@RS, and ( b )  muon 

t r a n s p o r t  f o l l o w i n g  a nucleon-pion t r a n s p o r t ,  i n  which t h e  muon s o u r c e  i s  

o b t a i n e d  by r e a d i n g  a p rev ious ly  g e n e r a t e d  nucleon-pion h i s t o r y  t a p e .  

Option (b)  r e q u i r e s  two s e p a r a t e  NMT r u n s  f o r  t h e  nucleon-pion and muon 

t r a n s p o r t .  

I n  HET a t h i r d  o p t i o n  h a s  been added t o  a l l o w  t h e  nucleon-pion and muon 

t r a n s p o r t  c a l c u l a t i a n s  t o  be  c a r r i e d  o u t  j o i n t l y  d u r i n g  the  same HET run. 

In t h i s  o p t i o n ,  the muons produced are s t o r e d  i n  a r r a y s  f o r  subsequent  

t r a n s p o r t  d u r i n g  t h e  cascade  i n  the same manner as nuc leons  arid p ions .  

Thus, the nucleon-pion-muon h i s t o r y  t a p e  w i l l  have r e c o r d s  c o n t a i n i n g  t h e  

muon t r a n s p o r t  i n f o r m a t i o n  i n t e r m i t t e n t  w i t h  r e c o r d s  Con ta in ing  nuc leon  

and p ion  i n f o r m a t i o n .  

programs from the p a r t i c l e - t y p e  v a r i a b l e  (TIP) which i s  i n c l u d e d  i n  t h e  

r e c o r d s  (TIP = 5. f o r  u+y T I P  = 6 f o r  v-) . 

The muon i n f o r m a t i o n  can b e  i d e n t i f i e d  by ana lys i s  

2 . 2 . 3  S t o r a g e  Bequirements 

The minimum memory r equ i r emen t  f o r  NMT i s  approx ima te ly  575,000 

b y t e s .  HET r e q u i r e s  approx ima te ly  1,000,OoO b y t e s .  
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3 .  TAPE BUFFERING WITH WETC 

3 .1  Genera l  Comments 
~.._.I.-___I.___ 

3.1.. 1 Tape Buff erin_g I_ 

The ORNL t a p e  b u f f e r i n g  package can be  used t o  bo th  o u t p u t  and 

i n p u t  d a t a  on magnet ic  t a p e  and,  i n  some i n s t a n c e s ,  can b e  used t o  i n p u t  

d a t a  f r o m  a t a p e  which w a s  c r e a t e d  w i t h  FORTRAN write s t a t e m e n t s .  Both 

o u t p u t  and i n p u t  bu f fe r i -ng  are used f o r  t h e  IIET nucleon-pion-muon h i s t o r y  

t a p e ,  b u t  o n l y  i n p u t  b u f f e r i n g  i s  used w i t h  t h e  HET low-energy n e u t r o n  

t a p e  and t h e  $35R c o l l i s i o n  t a p e .  

Depending upon t h e  c h o i c e  of RECFM, LRECL, and B L K S I Z E ,  one o r  more 

l o g i c a l  r e c o r d s ,  i n  p a r t  o r  i n  e n t i r e t y ,  may be c o n t a i n e d  w i t h i n  a g iven  

p h y s i c a l  r e c o r d  on a t a p e  c r e a t e d  w i t h  FORTRAN w r i t e  statements. 

t h e r e  are no b l o c k i n g  f a c t o r s  b u i l t  i n t o  t h e  b u f f e r i n g  package p e r  s e ,  

a physical.  r e c o r d  w i l l .  b e  c r e a t e d  each t i m e  an o u t p u t  b u f f e r i n g  command 

i s  i s s u e d .  

i n p u t  w i t h  a s ing le :  b u f f e r i n g  r e q u e s t  i f  a l l  of t h e  d a t a  i n  t h a t  p h y s i c a l  

r e c o r d  are t o  be  r e t r i e v e d .  

S i n c e  

S i m i l a r l y ,  t h e  c o n t e n t s  of a n  e n t i r e  p h y s i c a l  r e c o r d  must be  

I f  a tape e r r o r  o c c u r s  d u r i n g  a b u f f e r i n g  o p e r a t i o n ,  c -on t ro l  i s  

r e t u r n e d  t o  t h e  c a l l i n g  program a l o n g  w i t h  a f l a g  i n d i c a t i n g  t h a t  an e r r o r  

h a s  o c c u r r e d .  I n  iwst i n s t a n c e s ,  t h e  outcome o f  subsequent  b u f f e r i n g  oper-  

a t i o n s  w i l l  n o t  be. a f f e c t e d .  As a g e n e r a l  K u I . ~ ,  i f  a n  e r r o r  occur s  d u r i n g  

e x e c u t i o n  of an i n p u t  b u f f e r i n g  r e q u e s t ,  t h e  c o n t e n t s  of t h e  e n t i r e  physi-  

ca l  r e c o r d  shou ld  be  ignored .  

The b u f f e r i n g  package does n o t  a u t o m a t i c a l l y  r e q u e s t  a new t a p e  t o  

b e  mounted when t h e  end of t a p e  i s  reached d u r i n g  i n p u t  or o u t p u t  b u f f e r i n g .  

However, t h e  c a l l i n g  program may i n d i c a t e  t h a t  a n e w  t a p e  i s  t o  be  used 
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by s imply  u s i n g  a d i t f e r e n t  l o g i c a l  u n i t  number i n  t h e  n e x t  b u f f e r i n g  

r e q u e s t  . 
There must b e  a s e p a r a t e  d a t a  d e f i n i t i o n  card s u p p l i e d  f o r  each  reel  

of  t a p e  on which b u f f e r i n g  o p e r a t i o n s  a r e  t o  b e  performed,  and each  t a p e  

must b e  d e f i n e d  by a unique  l o g i c a l  u n i t  number. In o r d e r  t o  u s e  one tape 

d r i v e  f o r  more than  one reel o f  t a p e ,  t h e  u n i t - a f f i n i t y  ( U N I T  = AFF) o p t i o n  

may b e  invoked.  I f  t h e  a f f i n i t y  o p t i o n  i s  used ,  t h e  DD c a r d s  f o r  t h e  t a p e s  

a f f e c t e d  shou ld  p recede  t h o s e  f o r  a l l  o t h e r  t a p e s .  

3.1.2 Data  D e f i n i t i o n  C o n t r o l  Cards 

The most g e n e r a l  form of  t h e  d a t a  d e f i n i t i o n  c o n t r o l  ca rd  €or  

a t a p e  on which b u f f e r i n g  o p e r a t i o n s  are  t o  b e  performed i s  as f o l l o w s :  

/ / G $ ? J . B U j j F O O l  I -  DD UNIT=TAPEi,LABEL=(,NL), - 

/ /_V~LvME=SER=kk,nrSP=6LD, - 

where j j  = l o g i c a l  u n i t  number f o r  t h e  t a p e ,  ( 5 8 2 j j 5 9 9 ) ,  

kk = j j ,  (no rma l ly ) ,  and 

i = 7 o r  9 .  

Note t h a t  t h e  DCB f i e l d  i s  o n l y  a p p l i c a b l e  f o r  7 - t r ack  t a p e s  and may b e  

omi t t ed  f o r  9 - t r ack  t a p e s .  

3.2 B u f f e r i n g  i n  HET and HET A n a l y s i s  __ 

3.2 .1  The [NET Nucleon-Pion-Muon HLsstory T a p e  

I n  o r d e r  t o  r e q u e s t  o u t p u t  b u f f e r i n g  on t h e  HET nucleon-pion- 

muon h i s t o r y  t a p e  (NHSTP), t h e  l o g i c a l  u n i t  number f o r  NHSTP must b e  i n p u t  

between 58 and 99 i n c l u s i v e .  Another i n p u t  pa rame te r ,  MXHIST, a l l o w s  t h e  

u s e r  t o  s p e c i f y  t h e  maximum number of b u f f e r e d  h i s t o r y  t a p e s  t h a t  may be 

f i l l e d .  I f  MXHIST i s  l e f t  b l ank  o r  z e r o ,  t h e  program w i l l  s e t  MXHIST 
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i n t e r n a l l y  t o  f i v e .  

an o u t p u t  b u f f e r i n g  o p e r a t i o n  on NI-ISTP, a comparison i s  made between MXHIS'I' 

and t h e  c u r r e n t  number of  f i l l e d  t apes ,  If t h e  number of f i l l e d  t a p e s  is  

less than  MXIIIST, the program w i l l  increment  t h e  l o g i c a l  u n i t  number of 

NHSTP by one and r e t u r n  t o  t h e  normal sequence of  i n s t r u c t i o n s .  I f  MXIIIST 

t a p e s  have been f i l l e d ,  the program w i l l  w r i t e  o u t  a message t o  t h a t  e f f e c t ,  

se t  MAXHCH e q u a l  t o  t h e  number: of completed b a t c h e s  and proceed t o  the "End 

of Run'' coding.  

When an "End of Tape" marker i s  encoun te red  d u r i n g  

HET does  an i n t e r n a l  banking o f  p a r t i c l e  e v e n t  r e c o r d s  i n  an e f f o r t  t o  

minimize t h e  amount of b l ank  t a p e  used f o r  r e c o r d  gaps.  The bank,  a dimen- 

s i o n e d  v a r i a b l e  ca l - l ed  BUFFEX i n  s u b r o u t i n e  RPdUT, can s t o r e  a maximum of 

4800 b y t e s  of i n f o r m a t i o n .  A v a r i a b l e  named M X C g L ,  p r e s e t  t o  20 i n  subrou- 

t i n e  BFgUT, de t e rmines  the  maximum number of p a r t i c l e - e v e n t  r e c o r d s  t h a t  

may be  s t o r e d .  When e i t h e r  o f  these maxima i s  reached ,  t h e  c o n t e n t s  of 

t h e  bank are b u f f e r e d  o u t ,  forming one p h y s i c a l  r e c o r d  on t h e  tape ,  T h i s  

ch0ic.e of b l o c k i n g  f a c t o r s  should make t h e  e f f e c t i v e  amount of t a p e  used  

comparable t o  t h e  amount which might b e  used w i t h  t h e  FORTRAN I/@ package.  

I n  the event t h a t  a t a p e  e r r o r  o c c u r s  d u r i n g  a n  o u t p u t  b u f f e r i n g  r e q u e s t ,  

a message t o  t h a t  e f f e c t  w i l l .  b e  w r i t t e n  on t h e  s t a n d a r d  o u t p u t  u n i t .  A s  

many as f i f t e e n  a t t e m p t s  w i l l  be made t o  output: each p h y s i c a l  r eco rd .  Unless 

a message i n d i c a t e s  t h a t  t h e  f i f t e e n t h  a t t e m p t  w a s  u n s u c c e s s f u l ,  no in fos ina t ion  

w a s  l o s t  i n  w r i t i n g  and t h e s e  messages should b e  ignored .  

I n  t h e  HET c a r d  deck ,  t h e r e  m u s t  b e  a s e p a r a t e  DD c a r d  f o r  each t a p e  

t o  b e  used f o r  NHSTP. The Logical. u n i t  number on t h e  f i r s t  DD c a r d  must  

be  t h e  same as t h e  v a l u e  of NHSTP i n  t h e  NET i n p u t .  For each. subsequent  

c a r d ,  t h e  l o g i c a l  u n i t  number s h o u l d  be  incremeuted by one. 
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Given below is  a sample se t  of D1) c a r d s  for an  HE'C r u n  i n  idi ich 

NHSTP i s  i n p u t  as 59 and MXI-ITST i s  i n p u t  as 3 .  

-_ //G@.BU59F001 - DD -. UNTT=ThPE9,LABEL=(,NL), 

/ /  - V@L~ME=SER=~~,DI~P=QLD - 

//G@.BU60FOQ1 BD UNIT=Al?F=BU59FOOly - 

/ /  - LABEL=( ,NL) ,V~LUME=SEK=~O,DLSr=~LD - 

9- 
/ /G@.  BU61FQQl D1) UNIT=AFF=BUS9FOQl 

/ /  LABEL= ( ,NL) ,V@LUME=SEE+Gl ,DLSP=@LD - - 

The use of t h e  U N I T  = AFF o p t i o n  w i l l  c ause  BU60 and B U 6 1  t o  use t h e  same 

t a p e  d r i v e  as B U 5 9 ,  and t h i s  shou ld  b e  n o t e d  under t h e  " s p e c i a l  handl ing"  

column on t h e  j o b  submiss ion  form. 

3 . 2 . 2  Subrou t ines  BUFNMT and BFIN 

Two new s u b r o u t i n e s ,  BUFNMT arid B F I N ,  have been w r i t t e n  t o  

r e t r i e v e  d a t a  from an  HET h i s t o r y  t a p e  c r e a t e d  w i t h  t h e  b u f f e r i n g  package.  

I n  t h e  normal cour se  o f  e v e n t s ,  s u b r o u t i n e  BFIN w i l l  b u f f e r  i n  the c o n t e n t s  

of a p h y s i c a l  r e c o r d  from t h e  h i s t o r y  t a p e  and "de-bank'' t h i s  i n f o r m a t i o n  

i n t o  s i n g l e - p a r t i c l e - e v e n t  r e c o r d s  t o  b e  p rocessed  by s u b r o u t i n e  BUFNMT. 

However, i f  a t a p e  e r r o r  occur s  d u r i n g  t h e  i n p u t  b u f f e r i n g  o p e r a t i o n ,  no 

a t t e m p t  w i l l  b e  made t o  a n a l y z e  any of t h e  p a r t i c l e - e v e n t  r e c o r d s  con ta ined  

w i t h i n  t h e  p h y s i c a l  r e c o r d .  Lnstead,  a message w i l l  b e  w r i t t e n  on t h e  

s t a n d a r d  o u t p u t  u n i t ,  and normal p r o c e s s i n g  w i l l  c o n t i n u e  w i t h  t h e  c o n t e n t s  

of the n e x t  p h y s i c a l  r e c o r d .  

e r r o r  o c c u r s  w i l l  depefid J a r g e l y  upon t h e  banking f a c t o r s  used i n  HET. 

Thc amount of i n f o r m a t i o n  l o s t  when a t a p e  

I f  b u f f e r i n g  e f f o r t s  c o n t i n u e  t o  b e  u n s u c c e s s f u l  on subsequent  r e c o r d s ,  

MC@L w i l l  be  se t  t o  - 4 ,  s i g n a l l i n g  "End of Run." I n  the even t  t h a t  a r u n  

i s  t e rmina ted  p rema tu re ly ,  an i n t e r n a l  b a t c h  c o u n t e r ,  r a t h e r  t h a n  t h e  
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number of b a t c h e s  r e q u e s t e d  t o  b e  ana lyzed ,  shou1.d b e  used f o r  normal iza-  

t i o n  purposes .  

I n  o r d e r  t o  i n c o r p o r a t e  t h e  b u f f e r i n g  o p t i o n  i n t o  e x i s t i n g  a n a l y s i s  

codes which r ead  the  HET h i s t o r y  t a p e  u s i n g  FORTRAN I/@, t h e  fo l lowing  

s t a t e m e n t s ,  o r  t h e i r  e q u i v a l e n t ,  should  b e  i n s e r t e d  immediately b e f o r e  t h e  

f i r s t  e x e c u t a b l e  s t a t e m e n t  i n  s u b r o u t i n e  REDNMT. 

I F  (NHST.LT.58) G@ T@ 1001 

CALL RUFNMT 

RETURN 

1001 CONTINUE 

T o  u s e  t h e s e  two r o u t i n e s ,  t h e  l o g i c a l  unit-. number f o r  NNSTP must b e  

i n p u t  between 58 atid 99 i n c l u s i v e .  Subrou t ine  HUFNMT w i l l  increment  t h e  

l o g i c a l  u n i t  number of t h e  h i s t o r y  t a p e  by one f o r  each c o n t i n u a t i o n  t a p e  

needed and each t a p e  t o  b e  used must b e  d e f i n e d  by a s e p a r a t e  c o n t r o l  ca rd .  

3.3 Buf fe r ing  i n  05R and 0 5 R  Ana lys i s  .._.. 

3.3.1 @5R Source Tape 

A n  o p t i o n  h a s  been added t o  t h e  IIE'K v e r s i o n  of Q)5R t o  a l l o w  

i n p u t  b u f f e r i n g  t o  b e  used on t h e  HE'Y low-energy neu t ron  t a p e  (NEUTP).  The 

on ly  r e s t r i c t i o n  i s  t h a t  t h e  FORTIUN I /@ d a t a  d e f i n i t i o n  ca rd  f o r  NEUTP 

used  i n  the HET ca rd  deck must conform t o  t h e  fo1.l.owing s p e c i f i c a t i o n s :  

1) RECFM = VBS ( o r  VB) 

2 )  40 - < LRECL _I < 3600 

3 )  44 - < BLKSZZE - < 3604 
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A s  a general r u l e ,  

mended. A FORTRAN 

low-energy n e u t  roc1 

a c h o i c e  of 40 f o r  LRECL and 804 f o r  BLKSIZE i s  recom- 

r e c o r d ,  36 b y t e s  i n  l e n g t h ,  i s  w r i t t e n  i n  HET f o r  each 

produced.  Thus a c h o i c e  of 4 8  f o r  LRECL and 804 f o r  

BLKSIZE would a l l o w  each  p h y s i c a l  r e c o r d  t o  c o n t a i n  t h e  da ta  f o r  20 l ow-  

ene rgy  n e u t r o n s .  

I n  o r d e r  t o  r e q u e s t  b u f f e r i n g  on NEUTP, the v a l u e  o f  NEUTP i n p u t  t-o 

Q5R must b e  between 58 and 99 i n c l u s i v e .  Each tape t o  b e  used must b e  

d e f i n e d  by a b u f f e r  t a p e  d a t a - d e f i n i t i o n  c a r d  and ,  f o r  each  t a p e  a f t e r  

t h e  f i r s t ,  t h e  l o g i c a l  u n i t  number must be incremented  by one.  

I n  t h e  e v e n t  t h a t  a t a p e  e r r o r  i s  d e t e c t e d  d u r i n g  an i n p u t  b u f f e r i n g  

o p e r a t i o n  QII NEUTP, a s p e c i a l  r e c o r d  (NCaLT, = 99) w i l l  b e  w r i t t e n  on t h e  

@5R output c o l l i s i o n  t a p e .  

r e c o r d  on which t h e  e r r o r  o c c u r r e d  w i l l  not b e  used.  P r o c e s s i n g  w i l l  con- 

t i n u e  with t h e  contents of the n e x t  p h y s i c a l  r e c o r d .  I f  tape e r r o r s  p e r s i s t  

on subsequent  r e c o r d s ,  t h e  r u n  w i l l  b e  t e r m i n a t e d .  

The i n f o r m a t i o n  con ta ined  w i t h i n  t h e  p h y s i c a l  

3.3.2 The (155K C o l l i s i o n  Tape 

With t h e  i n t r o d u c t i o n  of two new s u b r o u t i n e s ,  BUF05R and KFIN, 

i t  is now p o s s i b l e  t o  i n p u t  d a t a ,  v i a  t h e  b u f f e r i n g  package ,  from an  (dSR 

c o l l i s i o n  tape ( N H I S T R )  created w i t h  FORTRAN w r i t e  s t a t e m e n t s .  I n  o r d e r  

t o  b e  a c c e p t a b l e  f o r  i n p u t  b u f f e r i n g ,  t h e  DCB f i e l d  of t h e  FOKTRAN d a t a -  

d e f i n i t i o n  c a r d  used f o r  NHISTK i n  t h e  0 5 R  c a r d  deck must adhe re  t o  t h c  

fo l lowing  s p e c i f i c a t i o n s :  

1) RECFM = VBS (or  VB) 

2) 

3 )  

1024 - < LRECL - < 10240 

1028 < BLKSIZE I < 10244 - 
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For most c a s e s ,  a cho ice  of 1024 f o r  LRECL and 10244 f o r  RLKSTZE i s  recom- 

niended. 

To i n c o r p o r a t e  the b u f f e r i n g  o p t i o n  i n  e x i s t i n g  @5R a n a l y s i s  codes  

which u s e  FORTRAN I/@, t h e  f o l l o w i n g  s t a t e m e n t s ,  o r  t h e i r  e q u i v a l e n t ,  should  

b e  i n s e r t e d  b e f o r e  t h e  fl.rst e x e c u t a b l e  s t a t e m e n t  i n  s u b s o u t i n e  RED@5R: 

IF (NHLSTR.LT.58) G@ T# 1001 

CALI, BUF@5R (NIIISTR,NHISMX, NTYPE ,NWPC@L) 

RETURN 

1001 CONTINUE 

Subrou t ine  BUF05R will expec t  t h e  v a l u e  of NHISTR t o  b e  betwciien 58 

and 99 i n c l u s i v e  and t h e  v a l u e  of NHISMX t o  b e  t h e  l o g i c a l  u n i t  number 

o f  t h e  l a s t  c o n t i n u a t i o n  t a p e  t o  be  used f o r  NHISTR. For example,  i f  

t h r e e  c o l l i s i o n  t a p e s  w e r e  w r i t t e n  i n  @SR,  NHISTR could  b e  i n p u t  as 60 

and NHISMX a s  62 .  I f  on ly  one reel. of t a p e  i s  t o  b e  used,  NHISMX shou ld  

be e q u a l  t o  NHISTR. The l o g i c a l  u n i t  number on t h e  buE.fer t a p e  DD c a r d  

f o r  each c o n t i n u a t i o n  t a p e  shou ld  b e  incremented  by one. 

I n  RUF@SK, t h e r e  are two methods a v a i l a b l e  f o r  t h e  hand l ing  of  rape 

e r r o r s .  An in teger  var iable ,  IERE@R, governs t h e  p a t h  t o  b e  taken  i n  

BUF@5R i f  a t a p e  error  occ i i r s .  

c o n t e n t s  of t h e  p h y s i c a l  r eco rd  on which t h e  e r r o r  occur red  wi1 .1  h e  omi t t ed .  

P rocess ing  w i l l  c o n t i n u e  w i t h  the c o n t e n t s  of t h e  n e x t  p h y s i c a l  r e c o r d .  

If IERR@R i s  any nonzero v a l u e ,  o n l y  t h e  

I n  t h e  a l t e r n a t e  p rocedure  (IERRgR = 0 ) ,  t h e  r e s u l t s  from t h e  e n t i r e  

ba tch(s )  i n  which the error occur red  w i l l  be  o m i t t e d ,  

i.ng f a c t o r s  used i n  t h e  cor responding  @.5R r u n ,  a s i n g l e  physical .  r e c o r d  could 

c o n t a i n  in fo rma t ion  from more than  one bat:ch. I f  IERR@R is e q u a l  t o  z e r o ,  

s u b r o u t i n e  BIJFQ5R w i l l  s e t  NTYPE ( t h e  t h i r d  v a r i a b l e  i n  t h e  argument l i s t )  

Depending on the b lock-  
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t o  t h e  n e g a t i v e  of t h e  number of a f f e c t e d  b a t c h e s  when a t a p e  e r r o r  has 

occur red  o r  when an NCe)LL of  99 h a s  been encountered  on t h e  c o l l i s i o n  

t a p e .  The c a l l i n g  program shou ld  t h e n  ze ro  o u t  any r e s u l t s  c a l c u l a t e d  

o n l y  f o r  t h e  c u r r e n t  b a t c h  w i t h o u t  adding  t h e s e  d a t a  t o  t h e  cumula t ive  

r e s u l t s  f o r  t h e  e n t i r e  run.  Upon t h e  n e x t  c a l l  t o  ]BUF@5K, t h e  f i r s t  

r e c o r d  i n  t h e  nex t  b a t c h  t o  b e  cons ide red  w i l l  b e  r e t u r n e d .  An i n t e r n a l  

b a t c h  c o u n t e r  should  b e  k e p t  f o r  n o r m a l i z a t i o n  purposes  b u t  shou ld  n o t  b e  

incremented  when a n e g a t i v e  v a l u e  f o r  NTYPE is  r e t u r n e d .  

The v a l u e  of IERR0R i s  determined  by a d a t a  s t a t e m e n t  i n  BUF@SK. 

With e i t h e r  o f  t h e  two p r o c e d u r e s ,  NTYPE w i l l  b e  set t o  3,  s i g n a l l i n g  

"End of Run," if t a p e  e s r o r s  occur  on s e v e r a l  c o n s e c u t i v e  r e c o r d s .  

4 .  HET INPUT DESCRIPTION 

4.1 Order  of I n p u t  

The o r d e r  of t h e  i n p u t  f o r  HET i s  as f o l l o w s :  

1. The pr imary  HET i n p u t  d a t a  ( d e s c r i b e d  i n  S e c t i o n  4 . 2 ) ;  

2.  E l a s t i c  s c a t t e r i n g  i n p u t  d a t a ,  i f  any ( d e s c r i b e d  i n  S e c t i o n  4 . 3 ) ;  

3 .  The geometry i n p u t  d a t a  ( d e s c r i b e d  i n  S e c t i o n  4 . 4 ) ;  

4 .  Any i n p u t  r e q u i r e d  by s u b r o u t i n e  S@RS ( d e s c r i b e d  i n  S e c t i o n  4 a 5 ) .  
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4.2  Primary _... IIET , I n p u t  Desc r i . p t ion  

A d e s c r i p t i o n  of t h e  c a r d s  composing t h e  pr imary HET i n p u t  d a t a  i s  g i v e n  

below, Most of the i n p u t  is t h e  s a m e  as f o r  NMT. A s  mentioned i n  S e c t i o n  2 ,  

t h e  v a r i a b l e  ANIIET ( c a r d  F of NMT i n p u t )  is o m i t t e d  from the NET i n p u t ,  and 

a n  i n p u t  v a l u e  o f  0. f o r  CTdFE h a s  a ' d i f f e r e n t  meaning i.n the HET i n p u t  

f rom t h a t  i n  t h e  NMT i n p u t .  The o t h e r  d i f f e r e n c e s  between t h e  HET and NMT 

i n p u t s  are u n d e r l i n e d  i n  t h e  d e s c r i p t i o n  below. 

Cards A and B :  FgRMAT ( 2 0 A 4 )  

80 columns each of H o l l e r i t h  i d e n t i f i c a t i o n  f o r  the p r i n t e d  o u t p u t .  

Card C :  E@MAT ( 3 2 4 )  

M N l I @ M :  Hexadecimal r e p r e s e n t a t i o n  of  i n i t i a l  random number 

t o  b e  used i n  t h e  g e n e r a t i o n  of  random numbers. 

Should be  p o s i t i v e  nnd end i n  1, 3 ,  o r  5 .  

b C d e f 
Card D :  FflKMAT (ElQ.4,  E10.4 ,  E 1 0 . 4 ,  110, 110,  110, I f O )  

a. EMAX: The maximum energy of  particles b e i n g  t r a n s p o r t e d  

i n  M e V .  For s o u r c e  muons EMAX is  a r b i t r a r y .  However, 

i f  s o u r c e  muon d a t a  are t o  be  o b t a i n e d  from a pre-  

vi0usJ.y produced nucleon-pion h i s t o r y  t a p e ,  then by 

c o n s e r v a t i o n  of energy EMAX shou ld  n o t  b e  less t l m i  

E 

v a l u e  of FSMAX which was i n p u t  f o r  t h e  nucleon-pion 

c a l c u l a t i o n ,  m i s  t h e  charged-pion r e s t  m a s ,  and 

m i s  t h e  m u o n  r es t  iuass. 

4 - I l l  - m  = E  + 3 3 ,  where En,nlax i s  the n ,mdX I1 1-I 11 ,max 

'71 

u 
b .  EL@: The c u t o f f  energy i n  M e V  f o r  t r a n s p o r t i n g  p r o t o n s .  

The code c-orriputes t h e  c u t o f f  energy f o r  p ions  as 

(p ion  res t  mass/proton res t  mass) x EZOP = 0.1488 x ELOP, 
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and f o r  muons as 

(muon rest mass/proton rest mass) x EL@ = 0.11251 A EIJ@P. 

c .  EL@N: The cutoff energy in MeV for transporting neutrons, 

Normally ELBN will be chosen equal to ELQ)P. For  muon 

transport EL@N is irrelevant. 

d. PKMAT: The  number of different media, exclusive of voids, 

appearing in the system. 0 < MXMAT < 16.  
I 

e .  MAXCAS: The number of s o u r c e  particles to be started in each 

batch. 

f .  MAXBCH: The number of batches to b e  run with the present set 

of input data. The total number of source particles 

initiated with the present input will be MAXCASftMAXSCH. 

For muon transport using a previously produced nucleon- 

pion history tape,  b o t h  MAXCAS and MAXBCPI are calculated 

in subroutine MFPD; hence input values €or these quanti- 

ties are not used although they are written on the muon 

collision tape. 

g .  N~C@L: If N1C@L 0 ,  each cascade history will be computed 

only through the second generation, that is, on ly  through 

the immediate descendants of source particles, If 

N1CQ)L - <: 0, a l l  generations will be computed. Normally 

N I C @ L  is input as 0 or left blank. N l C G L  is irrelevant 

for muon transport. 
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a. N Q U I T :  The number of r u n s  w i t : h  t h e  p r e s e n t  se t  of i n p u t  d a t a .  

Normally NQIJIT w i l l  b e  i n p u t  as  1. A t  t h e  end of each  

r u n ,  s i g n a l e d  by NC@L = - 4 ,  s u b r o u t i n e  USER (NCgL] is 

c a l l e d .  'The s t a n d a r d  vers i -on o f  t h i s  r o u t i n e  is  a 

dummy. The u s e r  may p r o v i d e  h i s  own v e r s i o n  o f  USER 

t o  o u t p u t  s p e c i f i e d  v a r i a b l e s  o r  t o  change c e r t a i n  i n -  

p u t  q u a n t i t i e s  b e f o r e  t h e  code c a l c u l a t e s  t h e  next run ,  

i f  any. In b o t h  c a s e s ,  i t  w i l l  u s u a l l y  b e  n e c e s s a r y  t o  

i n c l u d e  a 1-abeled common c a l l e d  C@M@N. USER is a l s o  

c a l l e d  ai: t h e  end of each  b a t c h .  

b. --- NEUTP: If nuc leons  and p i o n s  are t o  b e  t r a n s p o r c e d ,  NEUTP i s  

t h e  l o g i c a l  number f o r  the t a p e  on which d e s c r i p t i o n s  o f  

n e u t r o n s  a p p e a r i n g  below ELgN are wr i t ten .  

t h e  low-energy _.I- neu t ron  taze .-- w i l l  n o t  I--- be w r i t t e n .  Tf t h e  

t r a n s p o r t  i s  f o r  muons and s o u r c e  iiiuons are t o  be? ob- 

______-_ I f  NKUTP I O ,  

t a i n e d  from a p r e v i o u s l y  produced nucleon-pion h i s t o r y  

t a p e ,  t hen  NEUTP is t h e  l o g i c a l  number of t h e  nucl.eon- 

p i o n  h i s t o r y  t a p e .  If 58 S NEUTP 2 99, I-.- t a p e  b u f f e r i n g  I____ w i l l  

b e  used t o  i n p u t  d a t a  from t h e  nucleon-pion h i s t o r y  t ape .  --.- 

c*  ___I- NBERTP: The l o g i c a l  number of t h e  t a p e  c o n t a i n i n g  t h e  d a t a  needed 

i n  t h e  i n t r a n u c l e a r - c a s c a d e  and e v a p o r a t i o n  c a l c u l a t i o n s .  

I f  a c a l c u l a t i o n  i s  t o  be  made f o r  muons o n l y ,  NBERTP s h o u l d  

b e  i n p u t  as  0. I f  miions are t o  be transported--$.n the same 

r u n  as nuc leons  and &oils, NBERTP shou ld  b e  i n p u t  .-.-.-.___I as t h e  

s a t i v e  of t h e  l o g i c a l  -. number of t h e  .- t ape .  

.- ..-.- 
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d. NPoWR2: NGRoW = 2 Np’m2. NGRgUP i s  t h e  numbel- of energy g roups  

used  i n  computing t h e  r a n g e  and energy  t a b l e s .  

Normally a v a l u e  of 10 or  11 shou ld  b e  i n p u t .  

NPOWR2 I l l .  

- 
e. NPIDK: Z f  WPIDK is  p o s i t i v e ,  r mesons r e a c h i n g  the 1~ energy  c u t -  

o f f  (= ,1488 EI,@P) will b e  assumed t o  decay  a t  the s p a t i a l  

p o i n t  where t h e  c u t o f f  h a s  been reached .  For NPTDK 2: 0, 

- 
T mesons r e a c h i n g  t h e i r  energy  c u t o f f  w i l l  be  f o r c e d  t o  

i n t e r a c t  v i a  t h e  i n t r a n u c l e a r - c a s c a d e  s u b r o u t i n e .  NPPDK 

i s  i r r e l e v a n t  f o r  muon t r a n s p o r t .  

The l o g i c a l  t a p e  number of t h e  nucleon-pion o r  muon h i s -  f .  NHSTP: 

t o r y  t a p e .  I f  NHSTP is  i n p u t  as 0,  i t  i s  assumed t h a t  t h e  

u s e r  w i l l  not w r i t e  a h i s t o r y  t a p e  b u t  w i l l  p r o v i d e  h i s  

own v e r s i o n  of s u b r o u t i n e  AXALYZ which normal ly  writes t h e  

h i s t o r y  t ape .  

c l u s i v e ,  t a p e  b u f f e r i n g  w i l l  b e  used i n  producing  the - 

h i s t o r y  t ape .  

The m a x i m u m  number of b u f f e r e d  h i s t o r y  t a p e s  t h a t  may be  

f i l l e d .  MXHIST i s  i r r e l e v a n t  i f  t a p e  b u f f e r i n g  is not  

be ing  used on NHSTP. 

IfNHSTP is  i n p u t  between 58 and 99 in-  

g .  MXHIST: 

a b c d  e 
Card F: FflRMAT (lox, E10 .4 ,  110, T10, 110, 110) 

Q u a n t i t i e s  a and b on  t h i s  c a r d  are  i r r e l e v a n t :  when t r a n s p o r t i n g  muons 

on ly .  

a.  CTgFE: A s i g n a l  t o  i n d i c a t e  t h e  c u t o f f  energy  t o  b e  used  i n  t h e  

i n t r a n u c l e a r - c a s c a d e  c a l c u l a t i o n s .  Normal1.y CTP)FE shou ld  

b e  i n p u t  as 0. 
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b. NEXITE: EX, t h e  e x c i t a t i o n  o f  t h e  r e s i d u a l  nuc leus  inmed ia t e ly  

fo l lowing  an  i n t r a n u c l e a r  cascade  i s  de termined  by an  

energy  b a l a n c e  i n v o l v i n g  t h e  i n c i d e n t - p a r t i c l e  k i n e t i c  

energy ,  t h e  e scap ing  p a r t i c l e  k i - n e t i c  e n e r g i e s ,  and 

t h e  ave rage  b i n d i n g  energy of t h e  m o s t  l o o s e l y  bound 

nuc leon  i n  t h e  niic.l.eus ( t a k e n  as a c o n s t a n t  = 7 M e V ) .  

EREC, t h e  k i n e t i c  energy  of the r e c o i l i n g  nuc leus  p r i o r  

t o  e v a p o r a t i o n ,  is computed from a momentum balance 

i n v o l v i n g  t h e  i n c i d e n t  and e s c a p i n g - p a r t i c l e  momenta. 

If  NEXITE > 0 ,  t h e  code executcbr; t h e  PflRTRAN s t a t e m e n t  

EX = EX - EREC, and t h i s  new v a l u e  of EX is  used a s  

i n p u t  t o  t h e  e v a p o r a t i o n  c a l c u l a t i o n .  If NEXITE I O ,  

EKEC is n o t  s u b t r a c t e d  f rom t h e  Val-ue of EX t h a t  i s  

computed i n i t i a l l y .  I n  t h i s  case, t h e  v a l u e s  determined 

f o r  EX w i l l  b e  c o n s e r v a t i v e l y  h i g h  s i n c e  t h e  k i n e t i c  

energy  of t h e  nucl.eus i s  n o t  taken i n t o  account .  Con- 

v e r s e l y ,  s e t t i n g  NEXlTE > 0 w i l l  o c c a s i o n a l l y  r e s u l t  i n  

a n e g a t i v e  value f o r  EX s i n c e  t h e  scheme for c a l c u l a t i n g  

EX, atid then EREC, does n o t  y i e l d  a p r e c i s e  c o n s e r v a t i o n  

of energy and momenti.m. FJhen a n e g a t i v e  v a l u e  of EX 

o c c u r s ,  t h e  e v a p o r a t i o n  c a l c u l a t i o n  i s  bypassed.  

c .  NSPKED: If  NSPREO > 0 ,  smal.l-angle .-.- .. . ._.. m u l t i p l e  ._.I. _. . Coulomb _.._ s c a t t e r i n 3  

w i l l  b e  computed f o r  pr imary charge*articles o n l ~ .  

If NSPRED I O ,  m u l t i p l e  Coulomb s c a t t e r i n g  i s  n e g l e c t e d  

i n  t . 1 ~  e n t i r e  c a l c u l a t i o n .  

I ._.. .. . __ .-_. 
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d .  NWSPRD: - -  It NWSPRD > 0, c o l l i s i o n  r e c o r d s  f o r  each  Coulomb 

s c a t t e r i n g  (NCOL = 8) w i l l  be w r i t t e n  on t h e  BET 

h i s t o r y  t a p e .  If NWSPRD 15 0, no co l l . i s ion  r e c o r d s  

w i l l  be w r i t t e n  f o r  Coulomb s c a t t e r i n g .  If NSPRED 2 0,  

t h e  v a l u e  of WSPRD is i r r e l e v a n t .  

shou ld  be i n p u t  as O .  

Normally NWSPRD .I- 

e .  NSEUDg: I f  NSEUDO > 0, a l l  pseudo c o l l i s i o n  r e c o r d s  i n  a l l  

media ,  i n c l u d i n g  i n t e r n a l  v o i d s ,  w i 1 . l  be inc luded  on 

t h e  h i s t o r y  t ape .  For  NSEUDO 2 0,  a l l  of t h e s e  r e c o r d s  

w i l l  be exc luded .  A c o n t r i b u t i o n  t o  t h e  muon s o u r c e  

i s  made a t  p i o n  c o l l i s i o n s ,  It  follows t h a t  i n  a 

nucleon-pion c a l c u l a t i o n  pseudo c o l l i s i o n  r e c o r d s  

shou ld  be w r i t t e n  (NSEUDg > 0) i f  muon s o u r c e  d a t a  

are t o  be r ead  from t h e  nucleon-pion h i s t o r y  t a p e .  
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a b c d  
Card G :  FORHAT ( E 1 0 . 3 ,  110,  110 ,  110) 

a .  EL4S: The energy (MeV) above which e l a s t i c  s c a t t e r i n g  o f  

n e u t r o n s  w i t h  n u c l e i  o t h e r  t han  hydrogen i s  ignored  

(< 100 MeV). - 

b .  NflELAS: The t o t a l  number ( i . e * ,  f o r  a l l  media) of different . .  

n u c l i d e  t y p e s  f o r  which c l a s t i c  s c a t t e r i n g  i s  t o  be  

c o n s i d e r e d  ( exc lud ing  hydrogen) .  

c .  NEIS'TP: The log ica l .  number of t h e  BCD t a p e  c o n t a i n i n g  t h e  elas- 

t i c  s c a t t e r i n g  d a t a  f o r  1JOELAS n u c l i d e s .  I f  NELS'I'P 

i s  t h e  l o g i c a l  number of t h e  s t a n d a r d  : input ,  t h e  code 

expects a l l  of t h e  e l a s t i c  s c a t t e r i n g  d a t a  t o  b e  i n p u t  

on c a r d s  a f t e r  t h e  pr imary NMT i n p u t  d a t a  and b e f o r e  the 

geometry i n p u t  d a t a .  

d .  NLEDIT: An e l a s t i c  s c a t t e r i n g  d a t a  e d i t  s i g n a l :  

= 0: no cdi- t ,  

# 0 :  p r i n t  a11 e d i t  of al.1 t h e  e l a s t i c  s c a t t e r i n g  d a t a  

on t h e  s t a n d a r d  o u t p u t  u n i t .  

The f o l l o w i n g  c a r d s ,  % and I M , 1 ' " "  %,NEL(M) are i n p u t  f o r  each 

medium: 

a b C 
Card 'k' P(b&YAT ( E 1 0 . 4 ,  110,  110) 

a. DENH(N): The d e n s i t y  (atoms/cm3) of hydrogen i n  medium M m u l t i p l i e d  

by 

b.  NEL(M): The number of  n u c l i d e  t y p e s  o t h e r  t han  hydrogen i n  

i n  medium M. 1 5 NETA(M) < 10 .  - 

c .  N@EI,(M): The number o f  n u c l i d e  t y p e s  ( o t h e r  t han  hydrogen) f u r  

which e l a s t i c  s c a t t e r i n g  i s  t o  be  c o n s i d e r e d  i n  medium M. 

0 < N@EL(M) < NEL(F4). -.. 
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a b C d 
C a r d ( s )  IM,N: F @ W T  (E10.4 ,  E10.4,  E10.4, 110) 

a .  Z Z ( N , M ) :  The cha rge  number of  t h e  Nth nuc l - ide  i n  t h e  M t h  medium. 

b .  A(N,M): The mass number of t h e  Nth n u c l i d e  i n  the M t l i  medium; 

A(N,M) 1 .  

c. I)EN(N,M): The atom d e n s i t y  (atoms/crn3) of t h e  Nth n u c l i d e  o t h e r  

t h a n  hydrogen i n  t h e  Mth medium m u l t i p l i e d  by 

d .  I I ) ( N , M ) r  I d e n t i f i e r  f o r  t h e  Nth e l a s t i c  s c a t t e r i n g  n u c l i d e  i n  

t h e  Mth medium. 0 - < ID(N,M) - < NflELfiS. I D  s p e c i f i e s  

t h e  p o s i t i o n  o f  t h e  e l a s t i c  s c a t t e r i n g  d a t a  c a r d s  f o r  

n u c l i d e  (N,M) i n  t h e  e l a s t i c  s c a t t e r i n g  i n p u t  d a t a .  

The o r d e r  of t h e  I c a r d s  f o r  a g iven  medium must be  such t h a t  a l l  
M , N  

n u c l i d e  t y p e s  t h a t  a r e  e l a s t i c  scatterers a r e  l i s t e d  € i r s t ;  i . e . ,  t h e  f i r s t  

N@EL(PI) n u c l i d e  t y p e s  shou ld  be e l a s t i c  scatterers w i t h  LD(N,M) > 0 .  I f  

e l a s t i c  s c a t t e r i n g  is n o t  d e s i r e d  f o r  a p a r t i c u l a r  n u c l i d e ,  t h e n  I i ) ( N , M )  

f o r  t h i s  n u c l i d e  shou ld  be 0 .  I f  e l a s t i c  s c a t t e r i n g  i s  n o t  used f o r  any 

n u c l i d e ,  t h e n  ELAS, NflELAS, NELSTP, NLEDIT, N@EL(M), and I D ( N , M )  shou ld  a l l  

b e  ze ro .  

The media numbers s e l e c t e d  must s t a r t  a t  1 and r u n  c o n s e c u t i v e l y  through 

P/LXMAT a 
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* f  4 . 3  E l a s t i c - S c a t t e r i n g  Inpu t  

I f  so  s p e c i f i e d  on c a r d s  G ,  Hpl, and T above,  HET w i l l  t reat  t:he 
M, N 

e l a s t i c  s c a t t e r i - n g  of neu t rons  wi th  n u c l e i  o t h e r  t han  hydrogen i n  t h e  energy  

r ange  from EL!dN t o  ELAS. T h e  neu t ron  d i r e c t i o n  a f t e r  s c a t t e r i n g  i s  chosen 

from t h e  l i n e a r l y  a n i s o t r o p i c  d i s t r i b u t i o n  P(1-i) = ( 1  -t 3f p) /2 ,  where p i s  

t h e  c o s i n e  of t h e  s c a t t e r i n g  a n g l e .  The e l a s t i c - s c a t t e r i n g  c r o s s  srctlons 

and f v a l u e s  a t  v a r i o u s  energy  p o i n t s  from EL4N through ELAS a re  r e q u i r e d  

as i n p u t  by HET. 

1 

1 

The i n p u t  format  f o r  t h e  e l a s t i c - s c a t t e r i n g  d a t a  i s  g iven  below. It 

w i 3 . 1  b e  assumed t h a t  N E L S V  on Card G i s  s p e c i f i e d  as the l og ica l .  number of 

t h e  s t a n d a r d  i n p u t  s o  t h a t  ca rd  i n p u t  is used €or  t h e  e l a s t i c - s c a t t e r i n g  d a t a .  

Card J :  F@RMA'l 

a .  IDT(1): 

b. I D T ( 2 ) :  

c. IDT(3): 

d .  TDT(3): 

e, FMp.s: 

f .  

Element i d e n t i f i e r  [ c o n v e n t i o n a l l y ,  e q u a l  t o  ( t h e  

cha rge  number) X 1000 + (mass number), w i t h  mass number 

equal to z e r o  f o r  e lements  having  n a t u r a l  i s o t o p i c  

compos i t ion ] .  

Cross s e c t i o n  i d e n t i f i e r  ( c o n v e n t i o n a l l y ,  2 f o r  e l a s t i c -  

s c a t t e r i n g  c r o s s  s e c t i o n s ,  7 1  f o r  f v a l u e s ) .  

May b e  l e f t  b l ank .  

Number of fo l lowing  c a r d s  K which c o n t a i n  e1ast:i c- 

s c a t t e r i n g  c r o s s  s e c t i o n s .  

Atomic m a s s  of e lement .  

T h i r t y  characters of Hol.l.erith i n p u t .  

1 

*A method o f  o b t a i n i n g  e l a s t i c - s c a t t e r i n g  d a t a  from the 05R/NMTC master 
c r o s s - s e c t i o n  t a p e  i n  t h e  format  r e q u i r e d  f o r  HET i s  d e s c r i b e d  i n  t h e  
NMTC manual - 
The i n p u t  format  f o r  t h e  e l a s t i c - s c a t t e r i - n g  data  i n  WET is i d e n t i c a l  t i o  

t h e  format  used i n  NMT. 

T 
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The only  number on Card J which is used i n t e r n a l l y  by HET is I D T ( 4 ) ;  

a l l  o t h e r  i n p u t  i s  f o r  i d e n t i f i c a t i o n  purposes  on ly .  

a b 
Cards K: FflWAT (E15.5, E 1 5 . 5 )  

a. ES: Energy, in eV, f o r  t h e  e l a s t i c - s c a t t e r i n g  c r o s s  s e c t i o n .  

b.  S I G E :  E l a s t i c - s c a t t e r i n g  c r o s s  s e c t i o n ,  i n  b a r n s ,  a t  energy  ES. 

Card L: Blank ca rd .  

Card M: T h i s  c a r d  h a s  t h e  same format  as Card J and shou ld  c o n t a i n  

t h e  same i n f o r m a t i o n  e x c e p t  t h a t  IDT(4)  now r e f e r s  t o  t h e  

number of  Cards 

Cards N:  FaEWAT (E15.5, 

a. EF: Energy, i n  

a 

N c o n t a i n i n g  f v a l u e s .  

b 
E15.5) 

1 

e V ,  f o r  t h e  f v a l u e s .  
1 

b. F1: f v a l u e  a t  energy  EF. 
I 

Card 0: Blank c a r d .  

The series of K and N c a r d s  must b e  a r r anged  i n  o r d e r  of d e c r e a s i n g  

energy ,  and t h e  h i g h e s t  energy  v a l u e  must b e  2 ELAS and t h e  lowes t  v a l u e  

must  be  I; ELgN. There must b e  NIBELAS sets of c a r d s  3 th rough 6 ,  and the 

To i1- 
M,N'  o r d e r  of t h e s e  sets must b e  c o r r e l a t e d  w i t h  I D ( N , M )  on c a r d  I 

l u s t r a t e ,  c o n s i d e r  a material c o n f i g u r a t i o n  c o n t a i n i n g  two media w i t h  

medium 1 composed of hydrogen, oxygen, and aluminum and medium 2 composed 

of oxygen and l e a d .  Suppose t h a t  n e u t r o n  e l a s t i c  s c a t t e r i n g  i s  d e s i r e d  f o r  

a l l  n u c l i d e s  excep t  l e a d  and t h a t  oxygen i s  l i s t e d  as t h e  f i r s t  n u c l i d e  on 

c a r d  Then NdELAS = 2,  NflEL(1) = 2 ,  I D ( 1 , l )  = 1, ID(2,l) = 2 ,  

NgEL(2) = 1, ID(L,2) = 1, and I D ( 2 , 2 )  = 0. Thus, t h e  e l a s t i c - s c a t t e r i n g  

d a t a  f o r  oxygen would b e  i n p u t  f i r s t  and fo l lowed by t h e  d a t a  f o r  aluminum. 
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* 4.4 HET Geometry input_ l_l__.- 

The geometry r o u t i n e s  i n  HET are  i d e n t i c a l  t o  t h o s e  used i n  05R. l 3  

Rowevei-, in tcsna l  v o i d s  i n  MET must be d e s i g n a t e d  by medium number 6 6 6 6  i n  

t h e  geometry i n p u t ,  whereas i n  t h e  0 5 R  geometry i n p u t  i n t e r n a l .  v o i d s  are  

d e s i g n a t e d  by medium number 1000. 

---_I 

P a r t i c l e s  i n  HET may undergo pseudo c o l -  

l i s i o n s  i n  medium 6666. The s t a t i s t i c a l  weight  of a p i o n  o r  muon is reduced 

a t  t h e s e  c o l l i s i o n s  t o  accoun t  f o r  decay .  For n u c l e o n s ,  t h e  t o t a l  cross 

s e c t i o n  i n  medium 6666, which i s  e q u a l  t o  t h e  pseudo c r o s s  s e c t i o n ,  i s  

a r b i t r a r i l y  set e q u a l  to t h e  maximum p i o n  decay c r o s s  s e c t i o n .  

A rather d e t a i l e d  d e s c r i p t i o n  o f  t h e  geometry r o u t i n e s  and geometry i n -  

p u t  r e s t r i c t i o n s  i s  g i v e n  i n  t h e  0 5 R  manual.13 For convenience,  t h e  fo rma t  

€ o r  t h e  geometry i n p u t  g i v e n  i n  t h e  0 5 R  manual i s  r e p e a t e d  below. 

4 . 4 . 1  Geometry I n p u t  Format. (All a l p h a b e t i c  i n p u t  must be I-eft- -- 
a d j u s t e d .  ) 

k* 
Card A: FORMAT (17) 

a.  An index  which i n d i c a t e s  whether o r  n o t  r e g i o n  geometry is t o  

b e  cons ide red .  A 1 s p e c i f i e s  t h a t  both material media and 

sLat i s t ica1  r e g i o n  geometry are cons ide red ;  a 2 i n d i c a t e s  t h a t  

on ly  material media are  p e r t i n e n t .  

*The geometry r o u t i n e s  used i n  HET are  t h e  same as t h o s e  used i n  NMT. 

**I-IET i s  no t  programmed f o r  s t a t i s t i ca l  r e g i o n s .  Thus, on ly  a n  i n d e x  v a l u e  
of 2 i s  all.owed. 
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Card B: F @ W T  [A11,5(E10.5,Al)] 

Th i s  c a r d  l i s t s  t h e  zone boundar i e s  i n  i n c r e a s i n g  o r d e r  a long  t h e  X 

a x i s ,  i n c l u d i n g  t h e  boundar i e s  of t h e  p a r a l l e l e p i p e d  e n c l o s i n g  t h e  e n t i r e  

system. S i n c e  t h e  number of boundar i e s  depends upon t h e  problem, commas i n  

t h e  A 1  f i e l d s  s e p a r a t i n g  t h e  boundar i e s  are  used  t o  i n d i c a t e  t h a t  t h e  l i s t  

c o n t i n u e s ,  w h i l e  t h e  absence  of a c o m a  f o l l o w i n g  t h e  l a s t  boundary i n d i c a t e s  

t h a t  t h e  l ist  h a s  ended. The A l l  f i e l d  is f o r  t h e  p r o g r a m e r ' s  convenience  

and w i l l  b e  ignored  by t h e  code. 

Ca rd ( s )  B ' :  FflRMAT [6(E10.5,Al)]  

I f  t h e  number of boundar i e s  exceeds  t h e  f i v e  a l lowed b y  t h e  fo rma t  of 

c a r d  B, t h e  l ist  is  con t inued  on as many c a r d s  B '  as are  r e q u i r e d .  

Card C: FBRMAT [Al1 ,5(El0 .5 ,Al) ]  

I d e n t i c a l  w i t h  c a r d  B excep t  t h a t  t h e  l i s t i n g  is of t h e  zone boundar i e s  

i n  o r d e r  a l o n g  t h e  Y axis .  

Card C ' :  F@RMAT [6(E10.5,Al)] 

I d e n t i c a l  w i t h  c a r d  B '  b u t  c o n t i n u e s  t h e  Y a x i s  zone boundar i e s .  

Card D: FCdRMAT [ A l l , 5 ( E l 0 . 5 , A l > ]  

I d e n t i c a l  w i t h  card B excep t  t h a t  t h e  l i s t i n g  is of t h e  zone boundar i e s  

i n  o r d e r  along t h e  Z axis.  

Card D ' :  F@RMAT [6(E10.5,Al)]  

I d e n t i c a l  w i t h  c a r d  B'  b u t  c o n t i n u e s  t h e  Z axis zone b o u n d a r i e s ,  

Cards E th rough P: C o n s t i t u t e  a comple te  zone d e s c r i p t i o n .  Th i s  set 

of c a r d s  must  be i n c l u d e d  once for each  zone. 
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a. The word Z@NE. 

R,m,n: Each zone i s  l o c a t e d  i n  t h e  system by t h r e e  i n t e g e r s :  

R ,  m, and n. Ilhese s p e c i f y  t h e  zone as be ing  Lhe k t h  i n  

t h e  X d i r e c t i o n ,  t h e  mth i n  t h e  Y d i r e c t i o n ,  and t h e  n t h  

i n  t h e  Z d i r e c t i o n .  The i n t e g e r s  R ,  m, and n r u n  from 1. 

t o  t h e  maximum number of zones i n  each d i r e c t i o n .  

Card F: F@RMAT [A11,5(E10.5,Al)] 

This  c a r d  l i s ts  t h e  b lock  boundar i e s  i n  t h i s  zone i n  inc reas i . ng  o r d e r  

a long  t h e  X axis, i n c l u d i n g  t h e  boundar i e s  of t h e  zone. 

Ca rd ( s )  F ' :  FlbRMAT [b(E10.5,A1)1 

T h i s  is  a b lock  l i s t  c o n t i n u a t i o n  ca rd  similar t o  c a r d  3' of t h e  zone 

l i s t i n g  e 

Cards G ,  G ' :  

The same as c a r d s  F and F '  excep t  t h a t  t h e  b lock  boundar i e s  a long  t h e  

Y a x i s  are  l i s t e d .  

Cards Ii, H ' :  

The same as c a r d s  F and F '  excep t  t h a t  t h e  b l o c k  boundar i e s  a long the 

Z a x i s  are l i s t e d ,  

Cards J through P c o n s t i t u t e  a complete  b l o c k  d e s c r i p t i o n .  This  se t  

of c a r d s  must b e  inc luded  once  f o r  each b lock  i n  t h e  zone. 

a R m n  
Card  J :  FORMAT (Ab,  15, 15, 15) 

a. The word BL(13CK. 

R , m , n :  Each b lock  i s  1ocat:ed i n  t h e  zone by t h r e e  i n t e g e r s :  

R ,  m ,  and n.  These s p e c i f y  t h e  b lock  a s  be ing  t h e  Q,th 

i n  t h e  X d i r e c t i o n ,  t h e  inth i n  t h e  Y d i r e c t i o n ,  and t h e  

n t h  i n  the Z d i r e c t i o n .  The i n t e g e r s  R ,  m ,  and n r u n  

f rom 1 t o  t h e  maximum number of b l o c k s  i n  each  d i r e c t i o n .  
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b 
Card K; F(bW3: [ A l ~ , l O ( I S , A l ) ]  

a.  The word MEDIA. 

b.  A l ist  of t h e  media ,  s e c t o r  by s e c t o r ,  i n  t h e  b lock .  A s  with  

o t h e r  l ists ,  a comma i n  t h e  A 1  f i e l d  i n d i c a t e s  t h a t  t h e  l i s t  

c o n t i n u e s ;  i t s  t e r m i n a t i o n  is  i n d i c a t e d  by t h e  absence  of t h e  

comma. 

Card ( s )  K'  : FflRMAT [ 12  (15, A l )  ] 

The c o n t i n u a t i o n ,  i f  r e q u i r e d ,  of t h e  medium list.  

Card L: FgRMAT [A12,10(15,Al)] 
a b 

a. The word SURFACES. 

b .  A l ist  of t h e  q u a d r i c  s u r f a c e s  appea r ing  i n  t h e  b lock .  Commas 

i n  t h e  A 1  f i e l d  i n d i c a t e  t h a t  t h e  l i s t  c o n t i n u e s ;  a b l ank  i n -  

d i c a t e s  t h e  end of t h e  l i s t .  The numbers appea r ing  i n  t h i s  

l i s t  d e r i v e  from t h e  o r d e r  i n  which t h e  s u r f a c e s  are mathe- 

m a t i c a l l y  d e s c r i b e d  on ca rd  R,  which w i l l  be d e s c r i b e d  l a t e r  i n  

t h e  i n p u t .  

Card L ' :  FgRMAT [8 (15 ,Al ) ]  

The c o n t i n u a t i o n ,  i f  needed,  of t h e  l ist  begun on ca rd  L .  

Card M: FORMAT ( A t ,  1813) 
b 

a.  The word SECT@R. 

b. The d e s i g n a t i o n  of each  s e c t o r  w i t h  r e f e r e n c e  t o  i t s  p o s i t i o n  

re la t ive  t o  t h e  q u a d r i c  s u r f a c e s .  For  eve ry  s e c t o r  i n  t h e  b l o c k  

t h e r e  must be a ca rd  M, which w i l l  have  as many r e f e r e n c e s  as 

t h e r e  are s u r f a c e s  i n  t h e  block. The s t a t u s  of t h e  s e c t o r  is 

l i s t e d  acco rd ing  t o  t h e  fo l lowing  key: 
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+1: The s e c t o r  i s  on t h e  p o s i t i v e  s i d e  of t h e  s u r f a c e .  

-1: The s e c t o r  i s  on t h e  n e g a t i v e  s i d e  o f  t h e  s u r f a c e .  

0: The s u r f a c e  i s  n o t  needed i n  t h e  d e f i n i t i o n  of the. sector.  

The o r d e r  i n  which each  r e f e r e n c e  t o  a q u a d r i c  s u r f a c e  a p p e a r s  on each  

c a r d  M must cor respond t o  t h e  o r d e r  i.n which t h e  q u a d r i c  s u r f a c e s  are l i s t e d  

on c a r d  L. 

:I3 t h e r e  i s  o n l y  one s e c t o r  i n  a b l o c k ,  c a r d s  L and M should  b e  omi t red .  

Cards N ,  (8, and P :  

Speci-fy t h e  r e g i o n  geometry i n  t h e  b lock .  I f  t h e r e  is no r e g i o n  

geometry,  these c a r d s  are  omi t t ed .  

b 
Card N: F@KMA'L' [ A l ~ , l O ( I 5 , A l ) ]  

a.  The word REGIONS. 

b .  A l i s t  of t h e  r e g i o n s ,  s e c t o r  by s e c t o r ,  i n  each  b lock .  As w i t h  

o t h e r  l i s t s ,  a comma i n  t h e  A 1  f i e l d  i n d i c a t e s  c o n t i n u a t i o n ,  a 

b l ank  i n  t h e  A l  f i e l d  ends t h e  l i s t .  I t  should b e  r e c a l l - e d  

t h a t  the r e g i o n  s e c t o r s  do not: have t o  b e  t h e  same a s  t h e  media 

s e c t o r s .  

Card N ' :  F6ltFiA'T [ 1 2 ( 1 5 , A l ) ]  

A c o n t i n u a t i o n ,  i f  r e q u i r e d ,  of t h e  reg ion  l ist .  

Card 8: F@RMAT [ A 1 2 , 1 0 ( 1 5 , A l ) ]  
a b 

a .  The word SURFACES. 

b. A l i s t  of t h e  q u a d r i c  s u r f a c e s  i n  t h e  b lock .  The treatiiient i s  

the saiiie as f o r  ca rd  L .  

Card  4 ' :  F(8RMAT [8 , (1S,AAl. ) ]  

A c o n t i n u a t i o n  of t h e  SURFACES l i s t .  
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a b  
Card P: F@RMAT (A6,  1813) 

a.  The word SECTOR. 

b .  The d e f i n i t i o n  of each  r e g i o n  s e c t o r ,  i n  t h e  same f a s h i o n  t h a t  

media s e c t o r s  w e r e  d e f i n e d  on c a r d  M. 

a 
Card Q: FaRMAT (15, l l A 6 )  

a. The t o t a l  number of  q u a d r i c  s u r f a c e s  i n  t h e  e n t i r e  systrm. T h e  ---- I 

a l p h a b e t i c  d a t a  i n  t h e  A6 f i e l d s  i s  ignored  by  t h e  code. 

a b c  
Card R: F @ W T  [4(E10.5,A5,Al)] 

Each q u a d r i c  s u r f a c e  is d e s c r i b e d  by w r i t i n g  t h e  q u a d r a t t c  f u n c t i o n  

whose z e r o s  d e f i n e  t h e  s u r f a c e ,  i n  a f i x e d  f i e l d  format  resembl ing  t h e  

normal manner of w r i t i n g  f u n c t i o n s .  Each t e r m  i n  t h e  func t io r i  is spec - i f i ed  

8 .  The c o e f f i c i e n t  of t h e  term. 

b .  May b e  XSQ, YSQ, ZSQ (used f o r  x2 ,  y2 ,  and z'), XZ, YX, Y Z ,  XY, 

ZX, Y Z ,  X, Y ,  2, o r  b l ank .  

c. A nonblank c h a r a c t e r  i n  t h i s  f i e l d  i n d i c a t e s  t h e  end of the 

f u n c t i o n .  The n e x t  f u n c t i o n  must s ta r t  on a new c a r d .  
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4 . 5  S o u r c e - P a r t i c l e  D e s c r i p t i o n  

The s o u r c e - p a r t i c l e  d a t a  r e q u i r e d  by  IIET a re  as f o l l o w s :  

E ( 1 )  = the s o u r c e - p a r t i c l e  k i n e t i c  energy in MeV; 

X(1) = t h e  s o u r c e - p a r t k 1 . e  x p o s i t i o n  c o o r d i n a t e  i n  cm; 

Y(1) = t h e  s o u r c e - p a r t i c l e  y p o s i t i o n  Coord ina te  i n  cm; 

Z ( 1 )  = the s o u r c e - p a r t i c l e  z p o s i t i o n  c o o r d i n a t e  i n  cm; 

U ( 1 )  = t h e  s o u r c e - p a r t i c l e  x d i r e c t i o n  c o s i n e ;  

V ( 1 )  = t h e  source-par t ic1.e  y d i r e c t i o n  c o s i n e ;  

W(l) = the s o u r c e  p a r t i c l e  z d i r e c t i o n  cosine;  . -...-- 

WT(1) = t h e  s o u r c e - p a r t i c l e  s t a t i s t i c a l  we igh t ;  

T T P ( l ) *  = t h e  s o u r c e - p a r t i c l e  type:  

0. = p r o t o n  

1. = n e u t r o n  

i- 2. = IT 

3 .  = ?yo 

6 .  = p- 

The above s o u r c e - p a r t i c l e  d a t a  mus t  b e  f u r n i s h e d  i n  s t i b rou t ine  S@RS 

( N C g L ) ,  which i s  w r i t t e n  by t h e  u s e r .  S0RS i s  c a l l e d  when N C g L  -1 ( s t a r t  

of r u n ) ,  NC(61, = 1 ( s o u r c e  p a r t i c l e ) ,  and NC(6L = -4 (end of r u n ) .  Any i n p u t  

r e q u i r e d  by SgRS should b e  r e a d  i n  when S@RS is  c a l l e d  w i t h  NC@L = -1. 

0 
.-.__I- 

*The s o u r c e - p a r t i c l e  t y p e  should neve r  be assf-gned a v a l u e  of 3 since 7r 

p a r t i c l e s  a re  n o t  t r a n s p o r t e d .  
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S i n c e  t h e  pa rame te r s  E(1)  th rough TIP(1)  are s t o r e d  i n  l a b e l e d  common 

C@M@N, t h i s  common must b e  inc luded  i n  s u b r o u t i n e  S!bRS. 

appea r  i n  s u b r o u t i n e  S@RS as: 

Common C@M@N should  

C @ ~ ~ N / C ~ M ~ N / A ( l O y 1 7 ) , A ~ ~ ( 6 O )  ,APRYARG(17),BETA(gO) ,BLZ(3000) 3 

C@SKS,C@SPHI,C@STH,D,DELSIGy~EN(1O,l7),DENH(l~),DKWT~ 

E(3000) ,EA(40) ,EB(40) ,EC(3000) ,EI@N(10,17) ,EMAX,EMIN(7) , 

EP(60) ,EPART(100 ,2 ) ,~REC,EX,GAM(GO) ,HEVSUM,HSIGG(5y1~) ,  

HSIG,IBERT,ITYP,KIND(60),LELEMyMAT,~BCH,WCAS, 

MXMAT,N,NAB$W,NAMAX,NAME (3000) ,NAMEA(40) ,NBEL@,NBERTP ,NB@GUS, 

The u s e r  shou ld  choose  v a l u e s  f o r  TIP(1)  t h a t  are i n  accordance  w i t h  

t h e  value o f  NBERTP. If NBERTP < 0, any l e g i t i m a t e  v a l u e  may be used  f o r  

T I P ( l ) ,  whereas  0 < NBERTP i n d i c a t e s  t h a t  a l l  s o u r c e  p a r t i c l e s  are e i t h e r  

nuc leons  o r  p i o n s .  For  NBERTP = 0, i t  is assumed t h a t  all s o u r c e  par t ic les  

are  muons. When muon s o u r c e  d a t a  are t o  be r e a d  f rom a p r e v i o u s l y  produced 

nucleon-pion h i s  t o r y  t a p e ,  s u b r o u t i n e  SeRS (NCflL) should  c o n t a i n  t h e  F@RTRAN 

s t a t e m e n t  CALL MFPD (NC@L). Subrou t ine  MFPD r e a d s  t h e  nucleon-pion h i s t o r y  

t a p e  and c a l c u l a t e s  pa rame te r s  E(1) th rough TIP(1)  f o r  each  s o u r c e  muon. 

It  i s  assumed t h a t  muons are c r e a t e d  E r o m  p ion  decay t h a t  o c c u r s  i s o t r o p i c a l l y  

w i t h  r e s p e c t  t o  t h e  p i o n  a t  rest. 
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